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production	 chain.	 Life	 cycle	 assessment	 (LCA)	was	 used	 to	 identify	 the	 product	 life	 cycle	 stages	23	
where	the	application	of	eco-design	strategies	would	be	more	efficient	(in	this	case,	raw	materials	24	
production	 from	virgin	petrochemicals).	 To	 improve	 the	environmental	profile	of	 this	packaging,	25	
virgin	petrochemicals	were	partially	replaced	by	mineral	 fillers	(calcium	carbonate	based)	or/and	26	
post-consumer	recycled	plastics.	Different	technically	compliant	cosmetic	tubes	were	produced	by	27	
collaboration	 between	 a	 company	 producing	 the	 plastic	 granulates	 with	 mineral	 fillers	 and	 a	28	
company	producing	the	cosmetic	tubes	and	cradle-to-gate	LCA	were	performed.	The	replacement	29	
of	 virgin	 petrochemicals	 by	 mineral	 fillers	 helped	 to	 reduce	 the	 environmental	 impacts	 by	 an	30	
average	of	12%	and	the	use	of	post-consumer	recycled	plastic	further	decreased	emissions	up	to	31	
29%	 for	 6	 out	 of	 the	 9	 evaluated	 impact	 categories.	 The	 option	 with	 better	 environmental	32	
performance	was	also	the	one	with	lower	economic	costs.		33	




















(Geissdoerfer	 et	 al.,	 2018)	 must	 be	 encouraged.	 This	 goal	 has	 to	 be	 implemented	 at	 strategic	52	
company	level.	53	
Usually,	 the	 relationship	along	 the	supply	chain	begins	when	a	customer	asks	 for	environmental	54	
improvement	 from	 its	 supplier.	 To	 reduce	 efforts	 (and	 to	 ensure	 quality)	 associated	 with	 this	55	




new	customer	thanks	to	better	environmental	profile	of	 its	product	or	material.	 In	this	 last	case,	60	
third-party	product	environmental	certification	may	not	be	enough	to	produce	the	change,	and	a	61	





first	 time	 in	 the	 literature),	 a	 case	 study	 is	 presented	 on	 cosmetic	 packaging	 where	 a	 plastic	65	
granulate	 supplier	 starts	a	 collaboration	with	a	new	customer	by	 spreading	 its	 circular	economy	66	
strategy	downstream	in	the	production	chain.		67	
The	 packaging	 industry	 looks	 for	 packaging	 solutions	 that	 are	 strong,	 hygienic,	 easy	 to	 handle,	68	









with	 less	 environmental	 impacts	 have	 become	 more	 important	 to	 provide	 sustainability	 for	78	
packaging	products.		79	
According	 to	 a	 recent	 review	 study	 performed	 on	 functional	 fillers	 (Civancik-Uslu	 et	 al.,	 2018),		80	











As	previously	 said,	 there	are	many	 studies	 in	 the	 literature,	 in	which	 LCA	 is	used	 to	 identify	 the	90	
environmental	profile	of	packaging	(Albrecht	et	al.,	2013;	Balaguera	et	al.,	2019;	Civancik-Uslu	et	al.,	91	
2019a;	 Cleary,	 2013).	 Some	 LCAs	 of	 cosmetic	 products	 focusing	 on	 the	 ingredients	 exist	 in	 the	92	
literature	(Glew	and	Lovett,	2014;	Martinez	et	al.,	2017;	Secchi	et	al.,	2016)	and	evaluates	packaging	93	
as	a	part	of	full	life	cycle	of	the	cosmetic	product	(Borghi	et	al.,	2004,	2003;	Fullana	and	Puig,	1997;	94	
Golsteijn	et	al.,	2018;	Molander	et	al.,	2004;	Vallés	et	al.,	2001).	However,	no	LCAs	 found	 in	 the	95	
literature	 focusing	on	cosmetic	packaging,	despite	of	 its	 growing	market	 (Future	Market	 Insight,	96	
2017).	97	
On	the	other	hand,	as	suggested	by	some	authors	(Muñoz	et	al.,	2009;	Navajas	et	al.,	2017),	the	use	98	





plant,	 since	 they	are	 so	 small,	 they	end	up	 in	 the	plastic-mix	 fraction.	 Thus,	 they	are	 commonly	104	
landfilled	or	incinerated	with	the	consequent	emissions	and	resource	losses.	105	
Recently,	 the	 importance	 of	 developing	 new	materials	 and	business	models	which	 facilitate	 the	106	
application	 of	 circular	 economy	 in	 plastics	 industry	 is	 stated	 by	 the	 European	 Commission	 (EC)	107	
(Crippa	et	al.,	2019).	In	addition,	improving	product	design	and	boosting	recycled	content	are	also	108	
identified	by	 the	 European	Circular	 Economy	Action	Plan	 (EC,	 2019)	 among	 the	 strategies	 to	 be	109	
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a	 close	 collaboration	 between	 supplier	 and	 customer-to-be	 companies.	 The	 findings	 and	122	
conclusions,	 together	with	 the	methodological	 approach	 of	 the	 present	 study,	will	 guide	 plastic	123	
packaging	sector	to	achieve	higher	sustainability	degree.	124	
2. METHODOLOGY	125	
The	 circular	 economy	 principle	 applied	 in	 this	 case	 study	 is	 the	 one	 dealing	 with	 resource	126	
conservation	and	recycling	of	materials.	The	methodology	used	was	based	on	the	application	of	the	127	













the	 wheel	 could	 be	 also	 applicable,	 the	 manufacturer	 of	 the	 cosmetic	 tubes	 decided	 to	 apply	139	









from	 CO2,	 and	 recycled	 plastics.	 Therefore,	 the	 virgin	 petrochemicals,	 which	 are	 high-density	147	
polyethylene	 (HDPE)	 and	 linear	 low-density	 polyethylene	 (LLDPE),	 were	 replaced	 by:	 a)	mineral	148	
fillers,	which	are	Granic	products	produced	by	GCR,	a	company	in	Tarragona,	Spain;	and	b)	post-149	
consumer	 recycled	 HDPE	 at	 some	 percentages.	 The	 proposed	 replacements	 intend	 to	 reduce	150	
resource	loss	(as	said,	mineral	fillers	are	very	common	in	nature	and	recycled	plastic	is	re-used	in	151	
the	 techno-sphere).	 Therefore,	 three	 types	 of	 cosmetic	 tubes	 were	 produced	 and	 their	152	
environmental	impacts	were	evaluated.	153	
2.2. Goal	and	scope	154	
The	 goal	 of	 the	 present	 LCA	 study	 is	 to	 calculate	 the	 environmental	 impacts	 of	 three	 different	155	
cosmetic	tubes	knowing	that	all	of	them	are	technically	possible	based	on	the	information	provided	156	






















































In	 the	 case	of	 tube	3,	 for	 the	production	of	 recycled	HDPE	as	 secondary	 raw	material,	washing,	180	














Since	 ethylene	 vinyl	 alcohol	 (EVOH)	 production	 process	 was	 not	 available	 in	 the	 LCI	 database,	195	
instead	ethylene	vinyl	acetate	copolymer	(EVA)	process	was	used	as	a	proxy	(Thinkstep,	2017),	as	196	




































































was	applied	downstream	 in	 the	production	chain.	Two	new	cosmetic	 tubes	 (tube	2	and	3)	were	252	
produced	and	environmentally	compared	with	the	previous	one	(tube	1),	through	LCA	methodology.	253	
In	Figure	4,	the	LCA	results	of	tube	1	are	presented	in	percentages	for	life	cycle	stages:	raw	materials,	254	
transport,	 and	 processing.	 “Raw	 materials”	 stage	 includes	 all	 the	 emissions	 from	 the	 activities	255	
related	to	the	raw	materials	preparation	(HDPE,	LLDPE,	PCR-HDPE,	Granic,	EVOH	and	adhesive).	For	256	
example,	in	the	case	of	PCR-HDPE,	all	the	activities	related	to	the	production	of	recycled	HDPE	were	257	
included	 in	 the	 raw	materials	 stage:	washing,	 granulator,	 pelletizing	 and	 related	 electricity,	 and	258	
water	 consumption.	 The	 “Transportation”	 stage	 covers	 the	 emissions	 from	 the	 truck	 and	 diesel	259	







50%	 of	 the	 total	 impact.	 However,	 in	 the	 case	 of	 water	 depletion	 and	 primary	 energy	 from	265	
renewable	 sources,	 the	most	contributing	part	 is	 the	manufacturing	of	 tubes,	mainly	due	 to	 the	266	
consumption	of	electricity.		267	
Although	the	amounts	of	adhesive	and	EVOH	used	in	the	composition	of	the	tubes	are	relatively	268	























replaced	 with	 mineral	 fillers	 (which	 is	 Granic	 742	 in	 this	 case),	 6	 out	 of	 the	 9	 evaluated	278	
environmental	 impacts	decreased	by	an	average	of	12%.	The	reason	 for	 the	 improvement	 is	 the	279	
replacement	of	petrochemical-based	raw	materials	by	minerals,	specifically	calcium	carbonate.	On	280	
the	 other	 hand,	 3	 impact	 categories	 increased:	 EP	 freshwater	 (by	 28%),	 ADP	 (by	 3%).	 and	 PE	281	
renewable	 (by	 35%).	 For	 EP	 freshwater	 and	 PE	 renewable,	 the	 reason	 for	 the	 increase	was	 the	282	
mining	 of	 calcium	 carbonate,	 which	 significantly	 contributes	 to	 freshwater	 eutrophication	 and	283	



















11.6	 g,	 due	 to	 the	 addition	 of	 the	 denser	mineral	 fillers.	 This	 increase	 in	 weight	 causes	 higher	286	















of	 this	 packaging	 as	 less	 plastic-waste	 will	 be	 dumped	 and	 calcium	 carbonate	 will	 be	 naturally	302	
integrated	in	the	environment.	303	
















































of	 allocation	methods.	 As	 expected,	 due	 to	 the	 emissions	 coming	 from	 the	production	of	 virgin	331	















Circular	 economy	 based	 on	 resource	 conservation	 was	 applied,	 not	 in-company,	 but	 along	 the	345	





























HDPE,	 environmental	 impacts	 further	 decreased	 by	 an	 average	 of	 29%	 for	 most	 of	 the	 impact	355	
categories.	356	
Using	 mineral	 fillers,	 due	 to	 their	 higher	 density,	 may	 result	 in	 higher	 weight	 of	 the	 tubes.	357	








The	 project	 was	 a	 clear	 example	 on	 how	 the	 circular	 economy	 strategy	 can	 be	 transferred	366	
downstream	 in	 the	production	chain	 (from	provider	 to	customer)	 in	a	collaborative	 relationship,	367	
when	the	provider	is	the	one	pushing	for	the	improvement	instead	of	being	the	client,	as	it	usually	368	
happens.	369	
This	 study	 showed	how	 to	apply	 LCA	and	ecodesign	as	a	 shortcut	 to	environmentally	 improve	a	370	
packaging,	 the	 cosmetic	 tubes,	 which	 considering	 its	 growth	 (about	 4,8%	 from	 2017)	 probably	371	
achieving	a	market	of	2.8	billions	of	US$	by	2022,	is	a	significant	contribution	to	the	sustainability	of	372	
the	cosmetic	 industry.	This	methodology	 (LCA	&	ecodesign),	accepted	and	 implemented	by	both	373	
industries	involved	in	the	case	study	presented	here,	can	be	extended	to	other	supply	chains.	374	
Finally,	 the	 specific	 findings	 of	 the	 present	 study	 will	 be	 useful	 to	 the	 plastic	 packaging	 sector	375	
because	 they	 tackle	 very	 important	 issues	 at	 hand:	marine	 plastic	 littering,	 climate	 change	 and	376	
22	
	
resource	 depletion.	 In	 addition,	 cosmetic	 industry	 relies	 very	 much	 on	 branding	 and	 these	377	
environmental	issues	may	influence	brand	positioning.	378	
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